referral, access at dialysis initiation and intended dialysis modality (modality established by 90 days).The study outcome was mortality censored at 31 December 2007 or at recovery of renal function (of at least 30 days), transplantation or loss to follow-up. Results. Median follow-up was 2.3 years (interquartile range 1.1-3.3 years) during which time, 65% of the patients died. Baseline factors independently associated with mortality were older age [hazard ratio (HR) 1.24 for 5-year increase, 95% confidence interval (CI) 1.13-1.36], body mass index <18.5 (HR 1.78, 95% CI 1.33-2.38), number of comorbidities (one comorbidity HR 1.38, 95% CI 1.13-1.69; two comorbidities HR 1.55, 95% CI 1.27-1.89; three or more comorbidities HR 1.89, 95% CI 1.55-2.31), late referral (HR 1.19, 95% CI 1.02-1.39), peritoneal dialysis as intended modality (HR 1.26, 95% CI 1.08-1.47) and unprepared access (HR 1.43, 95% CI 1.23-1.67).The limitations of the study were the observational nature of the analysis, potential selection bias introduced through analysis of a group who actually commenced dialysis and the potential confounding from unmeasured factors or dichotomous reporting of comorbidities. Conclusions. Within the elderly cohort, other patient characteristics have a greater association with mortality than 5-year age increments. Even after consideration of patient characteristics, practice factors have a striking impact on the survival of elderly patients commencing dialysis. In the absence of randomized studies, efforts to enhance the identification and preparation of elderly patients for dialysis may improve outcomes within current settings.
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Introduction
The numbers of older people commencing dialysis are increasing globally [1, 2] with ongoing debate about the utility of such treatment in this age group [3] . There are sizeable variations in the proportion of elderly patients among dialysis populations ranging from 16% in Finland [4] , approximately one quarter in the USA [5] and UK [4] , 33% in Japan [6] and 40% in France and Greece [4] . This variation would appear to reflect more than differences in disease prevalence given estimates that significant numbers of elderly people with end-stage kidney disease (ESKD) are not managed with renal replacement therapy (RRT) [7] . Outcomes for elderly patients receiving dialysis therapies are poor, with actuarial life expectancy of a 75-year-old on dialysis only one-third of that of a similarly aged person not requiring dialysis [8] . Whilst age and comorbid conditions are established factors for higher mortality [1, 9] , less is known about the impact of practice variables such as late referral and unprepared access.
Understanding the ratio of benefit to harm from dialysis therapy is particularly germane for the elderly [3] because of the limited life expectancy and considerable burden of treatment [10] in older people receiving dialysis. This study analyses a large contemporary cohort of elderly people initiating dialysis in order to understand patient and practice factors associated with survival.
Materials and methods

Population
Patients aged ≥75 years who started RRT between January 2002 and December 2005 inclusive were identified from the Australian and New Zealand Dialysis and Transplant Registry (ANZDATA). The ANZDATA registry includes data on all people treated with chronic RRT (dialysis or kidney transplantation) in Australia and New Zealand.
Measures
Patients were followed until the ANZDATA census of 31 December 2007. Patients were censored at transplantation, loss to follow-up or recovery of renal function (survival of >30 days following the cessation of RRT). Demographic and clinical information were collected at the initiation of RRT including age, gender, ethnicity, height, weight, history of co-morbid conditions (coronary heart disease, cerebrovascular disease, peripheral vascular disease, chronic lung disease, diabetes and cancer), cause of renal disease and past or current smoking. Age was classified in 5-year brackets to reflect the presentation of information used by many registries [11] . Body mass index (BMI) was calculated according to World Health Organization categories [12] . Practice characteristics included the presence or absence of late referral (defined as referral <3 months prior to dialysis initiation); dialysis access preparation ( prepared dialysis access being the use of an arteriovenous fistula, arteriovenous graft or peritoneal dialysis catheter at dialysis initiation; unprepared access being the use of a central venous catheter at dialysis initiation); dialysis modality at first dialysis and intended dialysis modality (defined as the modality at 90 days following initiation with last dialysis modality assigned to those not dialysing at 90 days). The primary outcome was death. Cause of death was classified as cardiac, vascular, infectious, malignancy, cancer, social and other causes.
Statistical analysis
Survival and mortality rates were analysed using Kaplan-Meier analysis. Variables were tested using a log-rank test in univariable analyses. A comorbid score was created by the numerical addition of the number of comorbidities individually significant on univariable analyses. Collinearity was defined as a Spearman's coefficient >0.4. Only one of any collinear variables was eligible for inclusion in the multivariable model building process with selection based on clinical grounds. It was anticipated that collinearity may be found between diabetes as a comorbidity and diabetes as a cause of renal disease. An a priori decision was made to select diabetes as a comorbidity as a candidate in the multivariable model (if it met other eligibility criteria for the model) as many cases of ESKD attributed to diabetes do not have biopsy confirmation and thus the presence of diabetes as a comorbidity is likely to be assessed more accurately. In fact, only 13% of Australian patients diagnosed with diabetes as a cause of ESKD had pathological confirmation in 2009 [11] . The assumption of proportional hazards was checked graphically using the log cumulative hazard plots for death according to the subgroups in the variables examined in the study. A P-value ≤0.05 was regarded as significant in all tests. Confidence intervals (CIs) were calculated with 95% probability. Age, gender and all single variables significant on univariable analyses were potential candidates in the final multivariable model. Comorbid score was chosen for inclusion over the individual comorbidities unless the inclusion of the latter significantly improved the fit of the model. Age and gender were added initially, followed by other patient characteristics and lastly by practice variables. Additional variables, beyond age and gender, were retained if their omission from the model significantly worsened the fit of the model according to the likelihood ratio. Backward and forward stepwise selection methods were performed in sensitivity testing. Sensitivity analyses were conducted to test the impact of design decisions on the final model. The univariable and final multivariable models were repeated in those who survived 90 days following dialysis commencement as a sensitivity analysis. A further sensitivity model included diabetes as a cause of renal disease and not as a comorbidity. The area under the receiver operator curve for the model was calculated with the pre-specification that a c-statistic of ≥0.7 was required as the threshold for the development of a risk equation [13] . Risk tertiles were derived from the multivariable model. Analyses were performed using Stata software, version 11 (StataCorp LP, College Station, TX, 2010).
Results
Characteristics of the cohort
A total of 1781 patients aged ≥75 years began chronic RRT over the 4 years from 2002 to 2005 and were followed for a median of 2.3 years [interquartile range (IQR) 1.1-3.3]. The majority (1650, 92.6%) were aged between 75 and 85 years with only 19 (1.1%) aged over 90 years at the commencement of dialysis. During the follow-up period, 1150 patients died at a median of 1.50 (IQR 0.66-2.50) years, 1 patient was transplanted, 1 was lost to follow-up and 20 were censored at recovery of renal function. The vast majority of patients were Caucasian (n = 1622, 91.1%). There were smaller numbers of patients of non-Caucasian ethnicity including Chinese (n = 38, 2.1%), Indian (n = 22, 1.2%), Maori (n = 20, 1.2%) and Aboriginal (n = 8, 0.4%) patients who were combined for subsequent analyses. Baseline clinical characteristics (Table 1) are notable for the high burden of comorbidities in this group, with 91% of patients having at least one, and almost half having three or more, comorbidities. Some form of vascular disease was present in ∼70% of patients.
Access preparation for dialysis could be determined in 84.7% (n = 1509) of patients of whom 46% commenced dialysis without permanent access. The majority of patients (74.6%) received haemodialysis for their first treatment. Only a few patients (n = 124) commencing haemodialysis subsequently changed to peritoneal dialysis within the first 90 days.
Mortality
The majority of elderly patients commencing dialysis (1150 patients or 64.6%) died during the total follow-up period with 1-and 2-year survival rates of 76.9 and 59.3% respectively (Figure 1) . Causes of death are illustrated in Table 2 .
Analysis of separate variables
Both patient and practice variables were associated with higher mortality on univariable analyses (Table 3 ). Increasing age was associated with higher mortality (Supplementary Figure 1 ). Increasing numbers of comorbid conditions conferred a significant and graduated increase in mortality risk ( Figure 2 ) with a single comorbidity conferring a 43% risk (P < 0.001), two comorbidities 61% (P < 0.001) and three or more comorbidities doubling the risk of death compared to the absence of reported comorbidities (P < 0.001). Individual comorbid conditions including coronary heart disease [hazard ratio (HR) 1 Figure 1) . Categories of renal disease [diabetic nephropathy (HR 1.01, P = 0.90), glomerulonephritis (HR 0.81, P = 0.11), renovascular disease (HR 1.25, P = 0.06) and other causes (HR 1.00, P = 0.97)] were not associated with increased mortality. Gender [male (HR 1.02, P = 0.69)], smoking, former (HR 0.99, P = 0.89) or current (HR 1.06, P = 0.69), or cancer history prior to RRT commencement (HR 1.03, P = 0.65) were also not associated with increased mortality risk.
Late referral (HR 1.44, 95% CI 1.27-1.64) and unprepared access (use of a central venous catheter at dialysis initiation) (HR 1.46, 95% CI 1.28-1.66) were associated with increased mortality (Table 3 , Supplementary Figure 2) . Intended dialysis modality (peritoneal dialysis compared with haemodialysis at 90 days) was not associated with a difference in survival in univariable analysis (HR 0.95 95% CI 0.84-1.08, P = 0.471) ( Table 3 , Supplementary  Figure 2 ). There was no interaction between access preparation and intended dialysis modality. When access preparation was examined by intended dialysis modality, prepared haemodialysis patients had significantly lower mortality than prepared peritoneal dialysis patients (HR 1.28 95% CI 1.07-1.53), unprepared haemodialysis patients (HR 1.65 95% CI 1.40-1.95) and unprepared peritoneal dialysis patients (HR 1.73 95% CI 1.26-2.36) (Figure 3) . When analyses were repeated excluding the 110 patients who died within the first 90 days of dialysis, the results were similar (Supplementary Figure 3) . 
Collinearity
The only evidence of collinearity was between diabetes as a comorbidity and diabetes as a cause of renal disease (Spearman's coefficient 0.71). All other collinear values were <0.22, well below the 0.4 eligibility cut-off for inclusion in the model.
Multivariable analysis
Age, underweight status, number of comorbidities, late referral, unprepared access and peritoneal dialysis at 90 days were all independent predictors of mortality in the multivariable model (Table 3) . Unprepared access and late referral were associated with increased mortality risks of 43 and 19%, respectively, even after adjustment for patient characteristics. The multivariable model demonstrated that a comorbid score of three or more and being unprepared at first dialysis had an association with mortality that was not weaker than that of age (Wald score 39.31, 20.61 and 19.80, respectively, with higher Wald scores indicating greater contribution to the overall model).
Sensitivity analyses were conducted which confirmed the multivariable model was not influenced by the decisions made in its construction. In analyses limited to those who survived the first 90 days of dialysis, the results were unchanged (Supplementary Table) . In a multivariable model that included diabetes as a cause of renal disease whilst excluding it from the comorbid score, renal disease due to diabetes was not an independent predictor (P = 0.874) and the overall model was unchanged from that presented in Table 3 (data not shown). Sensitivity analyses, which included comorbidities separately rather than as a comorbid score, confirmed that individual comorbidities were separately significant (other than peripheral vascular disease which was near-significant with a Pvalue of 0.06) whilst the rest of the model was essentially unchanged (data not shown).
Despite the inclusion of multiple patient and practice characteristics, some of the variation in survival remains unexplained. A risk score was not created as the model did not meet our pre-specified criterion for sufficient predictive power of a receiver operator curve score of 0.7. Nonetheless, risk tertiles were derived from the model to test its discrimination. Tertiles derived from the model separated elderly dialysis patients according to their mortality outcomes with those identified in the highest tertile of risk observed to have a median survival of 664 days compared with a median survival of 1257 days in those in the lowest third of risk (Figure 4 ).
Discussion
Our results confirm the poor survival of elderly patients starting dialysis (median survival 2.3 years) and highlight the independent effect of both patient and practice characteristics on survival in a large contemporary elderly dialysis cohort. Factors present at the time of starting dialysis that predict poorer survival include increasing age, greater number of comorbidities, being underweight, peritoneal dialysis as the intended dialysis modality, late referral and commencing dialysis without prepared access. The multivariable model using these variables describes a clinically meaningful difference in survival of elderly patients with a 1.6-year difference in median survival between the lowest and highest risk tertiles. The predictive variables identified in this study can assist clinicians in estimating prognosis in this group in whom determination of dialysis benefit and harm is essential. Integrated assessment of elderly patients approaching the decision for RRT should be informed by an appraisal of age, comorbidities, BMI, urgency of presentation and readiness for RRT.
Prepared access rates remain low in the elderly [14] with postulated barriers including patient [15] , physician, surgical facility and health care system factors [16] . Our results argue against the traditional hypothesis that late referral and unprepared dialysis commencement are simply markers of illness and other characteristics associated with poor prognosis [17] . An analysis of elderly US Medicare patients surviving at least 90 days suggested the use of central venous catheters at haemodialysis commencement was associated with an increased 1-year mortality relative risk of 1.7 compared with simple arteriovenous fistulae although the analysis did not account for comorbid conditions other than diabetes and late referral [14] . A previous Australasian report of all-age haemodialysis patients did account for a large number of comorbid conditions and for late referral in a propensity score analysis and also demonstrated increased mortality associated with catheter use [18] . Our analysis of elderly patients treated with all dialysis modalities supports the hypothesis that the association of unprepared access and mortality is not explained by confounding as incorporation of multiple patient characteristics and late referral reduced the associated risk only minimally from 46 to 43%. The implication of these findings is that modifications to practice to increase access preparation rates may improve survival for the elderly dialysis cohort.
Survival for elderly people requiring dialysis is markedly less than that of similarly aged patients with cancer (observed median 5-year survival of 23.6% in dialysis compared with 51% in cancer [19] ). Our study confirms the high burden of comorbid disease experienced by elderly people commencing dialysis in Australasia, with the total number of comorbidities being as important as individual conditions in predicting survival in elderly people commencing dialysis. Comorbid disease burden predicts survival in both elderly dialysis patients [20] [21] [22] [23] and dialysis patients in general [9, 24] in most but not all [25] studies. The presence of two to three comorbid conditions in US patients over the age of 65 increased mortality risk by 31% compared to zero to one comorbid conditions [1] . Analyses of a small UK cohort choosing between dialysis or nondialysis management showed dialysis was not associated with increased survival for those aged >75 with two or more comorbidities [20] . Indeed, for those surviving to the age of 75 and commencing dialysis in this current Australasian cohort, the presence of comorbid burden appeared to have a stronger effect on survival than age increments at the time of commencement of RRT. Some conditions traditionally associated with higher mortality were not prominent in our model with smoking and cancer not associated with increased mortality whilst diabetes had a relatively small impact. We believe these results likely reflect the effect of survival bias in this cohort that only includes those who both survive to the age of 75 and are commenced on RRT programmes. The difficulty of identifying individual elderly patients who will do well or poorly with dialysis therapy has long been recognized [9] . Despite its comprehensive nature, our model failed to explain much of the variability in survival and did not meet our pre-specified threshold of accuracy for the generation of a risk score. Future attempts to study outcomes should consider better characterization of the variables studied and/or inclusion of other aspects, which may more completely describe mortality risk.
This study is the most detailed of the large analyses of survival of elderly patients entering dialysis due to the inclusion of both patient and practice characteristics, augmenting the findings from other large studies [1, 21, 26, 27] . Having used a treated patient register, this study reflects outcomes for those patients who actually commence dialysis-a group who select, and are selected for, dialysis. The purpose of these analyses was to provide information pertinent to decisions around the commencement of dialysis. In using a patient register, we could not directly measure modality 'choice' but instead have used the surrogate measure of the modality patients were actually transferred to within the first 90 days of dialysis. It is theoretically possible that in so doing, we have introduced bias although the results were unchanged when restricted to only those patients surviving 90 days. Our analysis is limited by the dichotomous reporting of most variables and cannot account for unmeasured factors or for residual confounding associated with severity of measured diseases. Comorbid conditions that we were unable to include but that have been shown to affect survival of elderly dialysis patients include hypoalbuminaemia [21, 25] , hyperphosphataemia [25] and functional status [1, 25] . This is a comprehensive contemporary evaluation of the outcomes of Australasian dialysis patients aged ≥75 years indicating that both patient and practice variables Prepared access defined as use of arteriovenous graft, arteriovenous fistula or peritoneal catheter at dialysis initiation and unprepared access defined as use of temporary vascular catheter. Intended dialysis modality defined as the modality at 90 days following initiation with last dialysis modality assigned to those not dialysing at 90 days. HD, haemodialysis; PD, peritoneal dialysis. predict survival in a large cohort of elderly patients. This analysis indicates that appraisal of characteristics beyond age alone will improve prognostication for elderly patients with ESKD. Additional research is needed to better predict outcomes and permit the development of a prognostic score that will further assist patients and their families in making treatment decisions. In the absence of randomized data, this analysis suggests that practice changes that facilitate the timely preparation of elderly chronic kidney disease patients for dialysis may improve outcomes.
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